Introduction
Most secondary metabolites in plant cell cultures are usually stored intracellularly. In recent years, a number of methods have been reported to release these metabolites into the medium, such as regulation of temperature and dissolved oxygen tension, modification of medium composition, and permeabilization by enzymes or by use of organic solvents, electric fields or ultrasound (Brodelius, 1988; Dornenburg & Knorr, 1992; Taya et al., 1992; Zhong et al., 1994; Bassetti et al., 1996) .
Saponins have various pharmacological and biological activities including antitumor and immunological functions (Rouhi, 1995; Zhong & Wang, 1996) . Ginseng saponin is a secondary metabolite of traditional Chinese medicinal plants of Panax species including P. notoginseng, P. ginseng and P. quinquefolium. Ginseng cell culture is viewed as an alternative to the whole plant cultivation for producing the useful plant-specific metabolite -ginseng saponin.
Until now, there have been no reports on release of saponins from cultured cells into medium. In this work, we studied the permeabilization of P. notoginseng cells in order to release the intracellular saponin into culture medium without loss of physiological and metabolic activities of the suspension cells.
Materials and methods

Cell cultures
P. notoginseng cells were subcultured every 14 days in a 250 ml Erlenmeyer flask containing 50 ml Murashige and Skoog medium supplemented with 2 mg 2,4-D /l, 0.7 mg kinetin/l and 30 g sucrose/l. The shake flask was incubated on a gyratory shaker (110 rpm) at 25°C in the dark. The details of the cell cultures have been described elsewhere (Zhang et al., 1996) .
For short-term DMSO treatment, the notoginseng cells were permeabilized for a short period (30 min) with DMSO of different concentrations (i.e., 1%, 3%, and 10%). Then the cells were filtrated, washed with fresh medium for several times, and filtrated again. Later the cells were inoculated into a new medium without DMSO for batch cultivation. For long-term treatment, the cells were cultivated in medium with initial addition of DMSO (1%).
Analyses
The cell mass was measured gravimetrically after the harvested cells were rinsed with distilled water followed by drying at 50°C for sufficient time. The concentrations of residual sugar, phosphate and nitrate in the medium were determined as described previously (Zhang et al., 1996; Zhong & Wang, 1996) . Saponin was assayed by thin-liquid chromatography and colorimetry, and polysaccharide by the carbazole reaction methods as reported by Zhong & Wang (1996) . Figure 1A shows that compared with the control (without DMSO treatment), the cell growth was apparently inhibited with 30 min treatment of DMSO. For example, the cells almost did not grow after 10% DMSO treatment, and the maximum cell concentration reached for the cells treated with 1% DMSO was 17.7 g/l on day 18, while it was 21.6 g/l for the control on the same day. For the biosynthesis of ginseng saponin, with an increase of DMSO concentration, the metabolite formation was also greatly decreased (Fig. 1B) . At DMSO concentration of 0, 1% and 3%, the intracellular saponin accumulation was 1.06, 0.74 and 0.47 g/l, respectively. However, the release of intracellular saponin into medium was significantly enhanced with treatment of DMSO at a higher concentration. For the control the saponin release was nearly zero, while the highest extracellular saponin reached 74 mg/l on day 18 for the cultures treated with 3% DMSO (Fig. 1C) .
Results and discussion
For DMSO treatment, both its concentration and treatment time affect cell permeability and physiological and metabolic activities. As shown above, with treatment of 1% DMSO, although the saponin release was very low, it did show a permeabilization effect. More importantly, the cells' biological activity was still high compared to the control. Based on the above results, we carried out batch cultivation with addition of 1% DMSO in order to release more intracellular saponin while keeping the cells' viability at a high level. As shown in Fig. 2A , the cell density for normal culture reached 22.3 g/l on day 18, while it was 18.6 g/l on the same day for that with DMSO addition. With permeabilization, although the intracellular saponin accumulation decreased about 30% compared to the control, the saponin released to medium on day 24 was 95 mg/l, which was much more than that for the control (7 mg/l on the same day).
To enhance the saponin release further from the cultured cells while keeping the cells' metabolic activity high, adaptation of the cells to 1% DMSO for a long term (5 successive subcultures) was conducted. The pretreated cells were then transferred into a fresh medium with or without DMSO addition (at 1%). As shown in Fig. 2D , both the dry cell weight and cell growth rate were quite similar for the cells with and without DMSO addition, i.e., they were about 19 g/l and 0.10 per day, respectively. For the intracellular saponin accumulation on day 21, it was 1.05 g/l for the cultures without DMSO addition while 0.94 g/l for that with addition of DMSO (Fig. 2E) . The release of saponin into the medium was 120 mg/l on day 24 for the former while it was 136 mg/l on the same day for the latter (Fig.  2F) . The above data indicate that the notoginseng cells adapted to long-term DMSO treatment can release much more saponin into medium with their high biological activity compared with those under shortterm permeabilization (cf. Figs. 1 and 2 ). The study is considered helpful for large-scale bioprocessing of the valuable plant-specific metabolite production.
